The statistical analysis was carried out on the material collected from the Vorskla River (a first-order tributary of the Dnieper River) and the system of connected water bodies in the territory of the Getmanski National Nature Park (Sumy region, Ukraine). The methods of cluster analysis has enabled us to, first, isolate groups analogous to those obtained with the use of the method of dominants and, secondly, to compare the degree of their coincidence. From the comparison of the associations with the groups of the aquatic vegetation's species, a minimal overlapping could be seen in the composition of associations and clusters. In contrast, the groups identified by the hierarchical clustering method and by the k-means method showed significant similarities in the composition. For the objective assessment and classification of plant associations, it is most productive to use several methods with the coincidence of the results of which, it is possible to assert with more confidence that these combinations of species in nature are in fact not random.
Introduction
When studying vegetation, special attention is paid to the distribution of plant associations (i.e. the joint growth of groups of species) and individual plant populations in undisturbed natural sites [1] . Information on possible combinations of species in natural ecosystems is extremely important, since today, as a result of human activity, the territories of natural plant communities on all continents have been reduced to a critical minimum [2, 3, 4] . We are on the verge when some of the plants disappear, for the reasons including the lack of their natural habitats. As recent studies have shown, the rate of ongoing extinction is up to 500 times the background extinction rate for plants [5] . The problem of the conservation of aquatic plants is no less urgent, especially taking into account the extent of violation of various water bodies as a result of anthropogenic influence: changes in the riverbed morphology, pollution and pressure on hydroecosystems by seizing the production of industrial species of plants and animals [6] . Unlike terrestrial, aquatic and near-water vegetation is spatially limited because it requires a water body and has a narrow range of tolerance to the level of soil moisture. The diversity of the aquatic vegetation of natural reservoirs was largely determined by the variety of conditions that formed in the valleys of meandering rivers. It is the reclamation and management of river ecosystems that caused a reduction in the diversity of higher aquatic and near-water vegetation [7] . The issue of river renaturation is already being addressed in many European countries (e.g. England, Germany), and in the near future, is expected to dominate the scientific discourse, particularly given that the shortage of freshwater is already our present [8, 9] . Moreover, the surface water of fresh natural reservoirs is in most cases of very low quality, which is a consequence of both severe pollution of water bodies and violation of the river morphology and evolutionary established structure of their ecosystems [10] .
Under these conditions, the role of aquatic vegetation is extremely high. Rivers are known to be most effectively cleaned in areas overgrown with aquatic vegetation. Plants, in addition to the ability to extract a number of biogens by accumulating them in their own biomass, are edificators of communities of numerous animal organisms. The composition of the population of thickets of aquatic vegetation is represented mainly by invertebrates and protozoa, which purify water with extreme efficiency [11] . It is on the thickets of aquatic vegetation that a trophic pyramid is based, and it is there that the passing water is most effectively conditioned.
All the elements presented in this introduction contribute to the fact that researching and studying natural associations of plants and the factors affecting their distribution becomes extremely relevant and of great practical importance.
In addition, the knowledge of the structural organisation of the plant component of aquatic ecosystems is extremely important for most European countries implementing river system restoration programmes.
Material and methods

Statistical analysis
Data were processed using R version 3.6.1 [12] . Hierarchical clustering was performed with hclust (function ward.D2) from core R package stats. Two types of p-values (AU and BP) for the nodes of hierarchical clustering dendrograms were calculated with R package pvclust. According to the package documentation, "AU p-value, which is computed by multiscale bootstrap resampling, is a better approximation to unbiased p-value than BP value computed by means of normal bootstrap resampling. Clusters with AU larger than 95% are highlighted by rectangles, which are strongly supported by data" [13] . K-mean clustering was performed with function kmens from package cluster [14] and plotted on the plain of principal components with fviz_cluster from factoextra [15] , non-metric multidimensional scaling (NMDS) with metaMDS from vegan [16] . Plots were produced using packages ggplot2 [17] , factoextra [15] , ggrepel [18] , directlabels [19] . The R software environment for statistical computing and graphics is widely applied in hydrobiology and environmental engineering [20, 21, 22] 
Region of study and collected data
The statistical analysis was carried out on the material collected from the Vorskla River (a first-order tributary of the Dnieper River) and the system of its associated bodies of water in the territory of the Getmanski National Nature Park (Sumy region, Ukraine). The material was collected by methods generally accepted in biocenology. In each of the water bodies, the species composition of aquatic plants of all ecological groups was determined: semi-submerged, with floating leaves, and submerged higher water plants. A percentage cover of water surface by each species of the studied water body was estimated. The obtained percentages were evaluated on a 5-point scale. Associations of aquatic plants were classified on the basis of the ecological-phytocenotic approach [23] . Data on the species 
Results
One of the aspects of geobotanical research is the study of the spatial distribution of species, i.e. their choice of places for growth and, ultimately, the existence of any repeating cohabiting groups. Such groups are actively studied and classified and their principles of classification are different, for example, Shennikov's ecological-phytocenotic approach [23] or the popular Brown-Blanquet method [24, 25] . As for Braun-Blanquet, he restricted the use of relevés (a relevé is a list of species observed in a square plot together with estimates of their abundance/dominance or cover) to 'homogeneous' and 'typical' stands of communities. As a result, the relevé method is burdened by much bias, subjectivity, inconsistency, arbitrariness, circular argumentation and large sampling error [26, 27, 28] . Possibly the problems associated with sampling can be resolved by the use of various objective sampling designs and standardised square plot sizes [28, 29] . Moreover, the classification based on co-growth is not successful for all types of ecosystems. For terrestrial ecosystems, the most objective groupings are for the ecosystems dominated by woody vegetation (forests). The distribution of species of aquatic vegetation is determined by factors other than those that are important for terrestrial vegetation. The distribution of aquatic and near-water vegetation (hygrophilic) most depends on such factors as the speed of the current, the intensity of water exchange in weakly flowing water bodies, and the quality of the aquatic environment. A significant role is played by the content of nutrients and trace elements.
The classification of plant associations is according to the dominant species of each vegetation tier. Such associations do not account for the entire ecosystem but subjectively, based on the study of local sites. Thus, the allocation of associations without the use of statistical methods is largely subjective, which causes that its results debatable. This method involves the identification of combinations of species and is not aimed at typifying water bodies. The distinguished associations are objective, as their existence is results from specific conditions determined by the type of reservoir: whether it is a flowing body of water or not and as well as what trophic status the water body has. In other words, there can be different associations in lakes and rivers, and water bodies can be systematised on their basis. The adaptation of individual species to the water bodies of different types can potentially serve as the basis for their classification. Using factual material regarding the distribution and quantitative representation of species of hygrophilic plants in reservoirs of various types, we systematised reservoirs by the clustering method ( Figure 1 ). Table 1 . According to the results obtained, most of the water bodies with high reliability combined with the river, which shows that the river and a number of its genetic derivatives form a kind of unity. At the same time, two lakes stood out in a separate cluster. Both lakes are specific because despite the shallow depth -from 1 to 3 m -the water column in them is stratified and the lower layers of the water and bottom sediments are anaerobic. Conventionally, we designate this category of reservoirs in the river valley as "hydrogen sulphide lakes". This type of reservoir does not grow idiosyncratic plant species and is distinguished by their small number. The hierarchical clustering of species based on the data on the distribution of all identified species in the studied reservoirs showed that their entire array is divided with a high level of reliability into 10 clusters, each representing 20 species (Figure 2 ). An analysis of the composition of this cluster showed that these are mainly species found in flowing waters.
The comparison of the associations established by the method of dominants with the groups of the aquatic vegetation's species, obtained from cluster analysis, showed a minimal overlapping in the composition of associations and clusters.
Furthermore, non-hierarchical k-means clustering was applied. This method requires presetting the desired number of clusters. To determine the optimal number of clusters, we used two methods: silhouette and Calinski-Harabasz. According to the silhouette method, the optimal number of clusters is 7, while according to Calinski-Harabasz -2. A number of clusters 7 in our case appears, then, redundant. To visualise the clusters, they were depicted on the plane of the first two principal components of the PCA. The k-means clustering with 2 preset clusters showed that the floodplain PMK lake joined to the hydrogen sulphide lakes (Figure 3) . Considering that the PMK Lake is stratified, most of the water column is oxygen-free, and the bottom sediments are represented by sapropel, whose presence in a reservoir in this group seems perfectly logical. Table 1 .
Both clustering methods show that in the genetic series of floodplain bodies of water, lakes in which secondary pollution causes eutrophication and triggers bogging processes in quantitative representation and number of species differ from reservoirs that maintain a connection with the river.
In the case of species, the silhouette method recommends for k-means clustering to choose seven clusters ( Figure 4B) , the Calinski-Harabasz method -two clusters ( Figure 4A ). The blue cluster ( Figure  4A ) united species that are tolerant to waterlogging. For our data, the most acceptable number of clusters is seven. The results of clustering make it possible to isolate groups similar to groups established using the method of dominants and compare the degree of their coincidence. In our case, the use of the kmeans method allows us to make the partition into groups more objective. The results are shown in Figure 4B . Each of the obtained seven clusters combined the species closest in environmental requirements, with similar reactions to limiting factors including the degree of water exchange. 
Discussion
The grouping of aquatic vegetation based on the dominants method was tested by two statistical methods. Incorporation of statistical methods allows us to maximally avoid subjectivity in interpreting the results of field studies. According to the dominants technique, the following associations were identified in each of the examined bodies of water (Table 1) . Table 1 . The associations of aquatics plants from Vorskla River and the floodplain lakes according to dominants classification.
